
 

 

OCEAN /ATMOSPHERIC PROCESSES FORMULA SHEET 
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Actual = Mean + Perturbation 
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Useful Values 
 
Pressure conversions      1mb = 100Pa = 100 Nm-2 
Molecular mass of dry air       ma = 28.966 
Molecular mass of water       mw = 18.016 
Universal gas constant                 R* = 8.31436 J mole-1 K-1 
Gas constant for dry air       R  = R*/ma = 287.04 J kg-1 K-1 
Gas constant for water vapor          Rv = R*/mw = 461.50 J kg-1 K-1 
Molecular weight ratio       ε  = mw/ma = Ra /Rv  = 0.62197 
Rotation rate of earth        Ω = 7.292 x 10-5 s-1 



 

 

Universal Gravitational Constant                      G=6.67 X 10-11 m3 kg-1 s-2 
Mass of earth                                                      M = 5.98 X 1024 kg 
 
 
 
Radius of sphere having the same volume as the earth: 

          a = 6371 km  
                  equatorial radius = 6378 km 

              polar radius = 6357 km 
 
 

SCALING FACTORS FOR MID-LATITUDE SYNOPTIC SCALE MOTIONS 
 
For Atmosphere: 
 
 U ~ 10  m/sec  Horizontal velocity scale (typical u, v) 
 W ~ 10-2 m/sec Vertical velocity scale (typical w) 

 L ~  106 m  Horizontal length scale 
 D ~  104 m  Depth scale (typical depth of troposphere) 
  ∆ph ~ 103 Pa  Horizontal pressure fluctuation scale 
  ∆pv~  105 Pa  Vertical pressure fluctuation scale 

 Th = L/U ~ 105 sec Horizontal time scale 
 Tv = D/W ~ 106 sec Vertical time scale 

 g ~ 10 m/sec2  Acceleration due to gravity 
  ρ ~ 1 kg/m3  Air density (lower troposphere) 

 µ/ρ ~ 10-5 m2/sec Kinematic molecular viscosity coefficient 
    Ω ~ 10-4 /sec  earth�s angular velocity 
 
For Ocean: 
 
 U ~ 10-1  m/sec Horizontal velocity scale (typical u, v) 
 W ~ 10-4  m/sec Vertical velocity scale (typical w) 

 L ~  106 m  Horizontal length scale 
 D ~  103 m  Depth scale (typical depth of ocean) 
  ∆ph ~ 104 Pa  Horizontal pressure fluctuation scale 
  ∆pv~  107 Pa  Vertical pressure fluctuation scale 

 Th = L/U ~ 107 sec Horizontal time scale 
 Tv = D/W ~ 107 sec Vertical time scale 

 g ~ 10 m/sec2  Acceleration due to gravity 
  ρ ~ 1000 kg/m3 Typical sea water density 

 µ/ρ ~ 10-6 m2/sec Kinematic molecular viscosity coefficient 
    Ω ~ 10-4 /sec  earth�s angular velocity 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 

SCALING FACTORS FOR OTHER MOTIONS 
 
For Hurricanes: 
 
 U ~ 102  m/sec  Horizontal velocity scale (typical u, v) 
 W ~ 100 m/sec  Vertical velocity scale (typical w) 

 L ~  105  m  Length scale (typical wavelength) 
 H ~  104 m  Depth scale (typical depth of troposphere) 
 ∆ph ~ 104 Pa  Horizontal pressure fluctuation scale 
 ∆pv~  105 Pa  Vertical pressure fluctuation scale 

 Th = L/U ~ 103 sec Horizontal time scale (time required for a  
   parcel to travel one wavelength) 

 Tv = H/W ~ 104 sec Vertical time scale (time required for a  
   parcel to travel through vertical depth scale  
   distance) 

 f ~  10-4 sec-1  Coriolis parameter (mean value) 
 g ~ 10 m/sec2  Acceleration due to gravity 
 ρ ~ 1 kg/m3  Air density (lower troposphere) 

 µ/ρ  ~ 10-5 m2/sec Kinematic molecular viscosity coefficient 
 
 
For Tornadoes: 
 
 U ~ 102  m/sec  Horizontal velocity scale (typical u, v) 
 W ~ 102 m/sec  Vertical velocity scale (typical w) 

 L ~  102  m  Length scale (typical wavelength) 
 H ~  103 m  Depth scale (typical depth of troposphere) 
 ∆ph ~ 104 Pa  Horizontal pressure fluctuation scale 
 ∆pv~  104 Pa  Vertical pressure fluctuation scale 

 Th = L/U ~ 100 sec Horizontal time scale (time required for a  
   parcel to travel one wavelength) 

 Tv = H/W ~ 101 sec Vertical time scale (time required for a  
   parcel to travel through vertical depth scale  
   distance) 

 f~ 10-4 sec-1  Coriolis parameter (mean value) 
 g ~ 10 m/sec2  Acceleration due to gravity 



 

 

 ρ ~ 1 kg/m3  Air density (lower troposphere) 
 µ/ρ  ~ 10-5 m2/sec Kinematic molecular viscosity coefficient 
 
 
 
                                          


